Background-Annual human immunodeficiency virus (HIV) testing is considered a key strategy for HIV prevention for men who have sex with men (MSM). In Puerto Rico, HIV research has primarily focused on injection drug use, yet male-to-male sexual transmission has been increasing in recent years.
US mainland is well described, but less is known about the epidemic in US-dependent areas such as Puerto Rico.
In Puerto Rico, over 13,000 people are currently living with HIV and more than 600 are diagnosed annually with the virus. 2 Human immunodeficiency virus-related research in Puerto Rico has mainly focused on injection drug use (IDU), which was the primary mode of transmission for over a third of persons living with HIV in the country in 2011. 2 However, male-to-male sexual transmission in Puerto Rico has increased in recent years, with approximately 45% of new HIV diagnoses among males occurring in MSM in 2011. 2 HIV prevalence among MSM in Puerto Rico is currently estimated at 9%. 3 The Centers for Disease Control and Prevention's (CDC) National HIV Behavioral Surveillance (NHBS) collects data every 3 years on MSM in 20 US metropolitan statistical areas (MSAs) with high AIDS burden including San Juan-Caguas-Guaynabo, Puerto Rico, and monitors demographic characteristics, sex-and drug-related risk behaviors, as well as use of prevention services, such as HIV testing in the past 12 months (recent testing). The 20 MSAs represented approximately 65% of all persons living with AIDS in urban areas with a population of at least 500,000 in 2011. 4 The San Juan MSA was eligible to participate in NHBS because the jurisdiction was identified as having one of the highest estimated prevalences of persons living with AIDS. 5 The San Juan MSA includes roughly two thirds of the total population of Puerto Rico and geographically covers half of the island. [6] [7] [8] In 2005, NHBS data on MSM in San Juan showed that 79% reported recent HIV testing. 5 In 2008, recent HIV testing was only reported by 52% of the sample, suggesting a decrease in testing. 9 Furthermore, HIV testing did not improve in San Juan in 2011, though testing rates had generally increased across the other NHBS study sites. 4, 9 Increases in HIV testing mainly occurred in cities funded by CDC's Expanded Testing Initiative and San Juan was not one of the funded sites. 10, 11 In addition, among HIV-positive MSM, awareness of HIVpositive status improved from 2008 to 2011 for nearly all MSAs except San Juan, where awareness did not change from 2008 (28%) to 2011 (23%, P = 0.59). 3 San Juan also had the lowest percentage of HIV-positive MSM aware of their HIV infection in 2011. 3 These health disparities emphasize the need for additional research to identify gaps in current HIV testing practices for MSM in San Juan. This study sought to identify factors associated with HIV testing in the past 12 months among MSM NHBS participants in San Juan in an effort to characterize MSM who are and are not testing as recommended.
MATERIALS AND METHODS

Study Design
This analysis used cross-sectional data from the 2011 cycle of NHBS conducted among MSM (the current survey) in the MSA of San Juan-Caguas-Guaynabo, Puerto Rico. National HIV Behavioral Surveillance participants were recruited using venue-based sampling which has been previously described. 9, 12 Participants were eligible if they had not participated previously in the current survey; were at least 18 years of age, reported being born male, self-identified as male (transgender individuals were ineligible to participate), ever had oral or anal sex with a male, were residents of the San Juan-Caguas-Guaynabo, Puerto Rico MSA, and were able to complete the interview in English or Spanish. Trained interviewers using handheld computers administered the interview. Anonymous HIV testing was offered to all participants regardless of self-reported HIV status. National HIV Behavioral Surveillance activities were determined to be research in which CDC staff was not directly engaged, and therefore did not require review by the CDC institutional review board. Activities for the current survey were approved by the institutional review boards at the Puerto Rico Department of Health and the University of Puerto Rico.
Outcome Measure and Associated Factors
The main outcome variable of having received an HIV test in the past 12 months was dichotomized as a yes/no variable. Other variables included in this analysis were associated with HIV testing in the literature and consisted of key demographics, recent health care utilization, ever having told a health care provider about attraction to or sex with men, and sex-and substance use-related risk behaviors. Non-injection drug use included past 12month use of crystal meth, crack cocaine, powdered cocaine, downers, painkillers, hallucinogens, ecstasy, heroin, poppers, gamma-hydroxybutyrate (GHB), and/or ketamine.
Analysis
To align with the current HIV testing guidelines for MSM who are sexually active, we excluded from the analysis men who did not report having at least 1 male anal or oral sex partner in the past 12 months. We further excluded men who self-reported being HIVpositive and men who did not answer the HIV testing questions.
We assessed associations between independent variables and HIV testing in the past 12 months using a generalized estimating equations (GEE) approach using Poisson regression with robust variance estimators to calculate the unadjusted and adjusted prevalence ratios (aPR) and their 95% confidence intervals (CI). 13 Data were not weighted to account for the sampling design because final validated sampling weights were not available. Score tests were used to determine statistical significance. Variables that showed significance at the 0.10 alpha level in the bivariate GEE models were included in the initial multivariate GEE model. Age, education, and health insurance type were also considered in the initial multivariate model, based on literature supporting their association with HIV testing. Relevant 2-way interaction terms between these independent variables were included in the initial model. Multicollinearity was assessed and when it occurred, one variable was removed for each collinear pair. For selection of the final model, backward elimination was performed with the remaining variables. After including only significant variables in the model, we then assessed the change-in-estimates of the significant variables and goodness-of-fit (quasilikelihood information criterion) by adding nonsignificant terms back into the model. Statistical significance in the multivariate analysis was determined using an alpha level of 0.05. Analyses were conducted using SAS 9.3 software (SAS Institute, Cary, NC).
Prevention Services Subanalysis
Given that our focus was on highlighting missed opportunities for HIV testing, and HIV prevention services often include testing, we did not include variables related to receipt of prevention interventions as predictors of HIV testing in the multivariate model. Instead, variables representing the use of prevention services were considered in a bivariate subanalysis to further investigate their possible relationship with recent HIV testing and identify potential gaps between having received prevention services and having tested for HIV in the past 12 months. Variables related to HIV prevention included having been tested for syphilis, having received free condoms, and/or having received an individual or grouprelated HIV prevention intervention in the past 12 months. Bivariate GEE was applied to determine the associations between prevention variables and receiving an HIV test in the past 12 months.
RESULTS
Overall, 770 men were approached and 628 of these men agreed to determine their eligibility to participate in the NHBS study. Of these, 417 were determined eligible to participate. In total, 395 men who were eligible also consented to the interview and had valid survey responses. We further excluded men who did not report having at least 1 sexual partner in the past 12 months (n = 32) as well as men who self-reported being HIV-positive (n = 8) and those who did not answer the HIV testing questions (n = 3). The final analytical sample included 352 men.
Most participants were between the ages of 18-24 years (31%), had a college education or higher (46%), earned an annual income of US $19,999 or less (52%), were employed either part-(16%) or full-time (58%), self-identified as homosexual (86%), and had some form of health insurance coverage (78%) ( Table 1 ). In total, half of the participants (50%) had an HIV test in the past 12 months and 82% had ever received an HIV test. Seven percent (7%, n = 22) of participants who reported negative or unknown HIV status had a positive HIV test result. Of those who self-reported negative/unknown status but tested positive, less than half (45%, n = 10) had been tested for HIV in the past 12 months.
Over a quarter (28%) of participants reported having anal or oral sex with four or more male partners in the past 12 months, yet more than a third (36%) reported having only one male sex partner during this time. While 17% of participants reported using non-injection drugs in the past 12 months, no IDU was reported. Nearly three-quarters (72%) of participants visited a health care provider in the past 12 months. Although over 90% of the sample had ever told someone that they were attracted to or had sex with men, only 49% had ever disclosed malemale attraction/sex to a health care provider.
Bivariate Results
In bivariate analyses (Table 2) , having received a recent HIV test was significantly associated with having had multiple male sexual partners in the past 12 months (unadjusted prevalence ratio, PR [≥4 vs 1], 1.6; 95% CI, 1.2-2.1), having visited a health care provider in the past 12 months (PR, 1.5; 95% CI, 1.1-2.0), having told a health care provider that they are attracted to or have sex with men (PR, 1.5; 95% CI, 1.2-1.8), and having used noninjection drugs in the past 12 months (PR, 1.3; 95% CI, 1.04-1.7). Of those who had 4 or more partners, 61% were recently tested for HIV compared to 38% of those with only 1 partner in the past year. Of those who recently visited a health provider, 55% received a recent HIV test compared to 36% of those who had not recently visited a provider. Fiftynine percent of men who had disclosed their orientation to a health care provider received a 
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Author Manuscript recent HIV test compared to 40% of men who had not disclosed. Sixty-two percent of those who used non-injection drugs in the past 12 months had been recently tested for HIV, whereas 47% of those who did not use non-injection drugs had been recently tested. Age, education, type of health insurance, condomless anal sex, and having been diagnosed with an STI were not associated with HIV testing in the bivariate analysis.
Multivariate Results
In the final multivariate model ( . Three interaction terms were removed during the collinearity assessment; the remaining interaction terms were not significant and were therefore removed from the model. Age, education, health insurance type, and non-injection drug use were not found to be significantly associated with the outcome during the backward elimination approach. Adding these back into the model did not change the point estimates of the 3 significant variables and did not improve model fit. Therefore, a more parsimonious model that dropped the nonsignificant terms was selected as the final model.
Prevention Services Subanalysis
Approximately one fourth of MSM participants (27%) received individual or group prevention, two thirds (68%) received free condoms, and 28% had been tested for syphilis in the past 12 months (Table 4 ). In bivariate analyses, HIV testing in the past 12 months was associated with having been tested for syphilis, having received free condoms, and having participated in a group or individual HIV prevention intervention in the past 12 months (P < 0.01 for each association). However, not all men who received prevention services reported recent HIV testing. Only 80% of men who tested for syphilis, 56% of men who received free condoms, and 72% of men who participated in either an individual or group-level prevention program in the past year also reported HIV testing in the past year.
DISCUSSION
Despite recommendations calling for at least annual HIV testing of MSM, we found that that only 50% of our MSM participants in NHBS in San Juan had been tested in the past 12 months. 14 Recent HIV testing was associated with having a greater number of partners, having visited a health care provider in the past year, and having disclosed male-male attraction/sex to a health care provider. Therefore, men who are not testing annually and would benefit from testing initiatives include those who have fewer partners, have not visited a health provider in the past year, and have not disclosed male-male attraction/sex to a health provider.
The number of sexual partners predicts HIV risk and is an important criterion for HIV-risk assessment and screening. 15, 16 Though the majority of men in our sample who had multiple sex partners received a recent HIV test, still 39% of those with four or more sexual partners did not recently test. In addition to suboptimal testing among those with multiple partners, we found that men who reported having one male sexual partner in the past year were significantly less likely to have received a recent HIV test. A growing body of literature suggests that many MSM may be contracting HIV through main partnerships. 17, 18 In the United States, 68% of HIV transmissions among MSM are estimated to occur within main partnerships and this is attributed to a higher number of sex acts, more frequent receptive anal sex, and lower condom use. 17 Men who have one main partner may perceive themselves to be at low risk for HIV and not seek HIV testing. This may be especially true among Hispanics/Latinos for whom low perceived HIV risk has been associated with low testing rates and lack of intention to test in the future. 19 If a high percentage of HIV transmissions is occurring between main partners in Puerto Rico as observed elsewhere among MSM, it is of great concern that this group was also the least likely to recently test. This finding may warrant consideration of couples-based testing initiatives in Puerto Rico to increase testing for these men. 20 Additionally, future research should aim to better clarify the relationships between partner type, testing and knowledge of HIV status, and sexual risk behaviors for MSM in Puerto Rico.
An important factor for increasing HIV testing is access to and engagement in routine health care. The association we found between recent testing and visiting a health provider in the past year may indicate that MSM who do not regularly seek health care, such as annual check-ups with a provider, also miss opportunities to be offered an HIV test. Though we cannot conclude whether those who did test for HIV in the past year were tested during a regular health visit, our results are consistent with a similar association between annual health visits and recent HIV testing observed among Hispanic/Latino MSM in the US mainland. 21 Our findings support current HIV testing policies that recommend integration of HIV testing in primary health care settings and suggest that increasing the utilization of health care in general could help to improve recent HIV testing for MSM in Puerto Rico. 14, 22 Encouraging regular physician visits and removing obstacles to accessing health care may be a feasible method to increase recent testing.
Our analysis also shows that having told a health care provider about being attracted to or having sex with men was significantly associated with receiving a recent HIV test. Yet, less than half of participants reported disclosing this information to their health provider. Disclosure of male-male sex to health providers has been associated with being offered an HIV test, emphasizing that physicians should actively inquire about same-sex practices to increase the offering of HIV tests to MSM. 23 Hispanic MSM are significantly less likely to disclose same-sex attraction to health providers than white men, and disclosure has been associated with annual HIV testing among Hispanic MSM. 21, 24 Our results also suggest that disclosure of male-male attraction/sex during patient-provider conversations presents a key opportunity for providers to initiate HIV testing. Human immunodeficiency virus-related stigma has been documented in the health sector in Puerto Rico which may negatively affect disclosure and the offering of HIV testing in clinical settings. 25, 26 Future research and prevention efforts that explore patient-provider interactions and barriers to disclosing malemale attraction/sex for MSM in Puerto Rico may be warranted. Likewise, interventions that encourage MSM to discuss their sexual history with physicians and/or train physicians to sensitively discuss sexual health with MSM may be effective in increasing HIV testing. Curricula on cultural competency for health providers working with MSM have been 
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Author Manuscript developed by the Fenway Institute and the Desmond Tutu HIV Foundation and could be tailored to the Hispanic/Latino context. 27, 28 Several prevention services we explored were also significantly associated with recent HIV testing, likely indicating overlap of these services. However, large percentages of those who received prevention services in the past year had not received a recent HIV test. Additionally, our result that men diagnosed with an STI in the past year were not more likely to have been HIV tested may further represent a missed opportunity to link STI and HIV services. 29 These findings suggest that health systems in Puerto Rico reaching MSM may still need to strengthen the inclusion of HIV testing within existing prevention and STI testing services as part of a comprehensive approach to sexual health. 30 This study is subject to several limitations. First, participants were recruited using venuebased sampling which can introduce sampling bias by selecting men who visit venues and possibly oversampling men who visit venues more frequently. These data were not weighted to reflect participants' differing probabilities of being sampled. Therefore, our data may not be representative of all MSM in Puerto Rico, limiting the generalizability of study findings. Though data were not weighted, venue-based sampling does allow for random sampling of venue-day-times in order to minimize bias in samples of venue-visiting MSM. This study may have been subject to social desirability bias, as sexual and other risk behaviors may have been underreported while positive prevention behaviors may have been overreported. If this bias were present, we would anticipate our main outcome of recent HIV testing to have been overestimated, indicating that recent testing may in fact be lower among MSM in San Juan. Despite these limitations, this analysis makes an important contribution to the current literature by being the first study to evaluate HIV testing and associated behaviors among MSM in the San Juan region.
This analysis has provided important insights for future HIV prevention initiatives focusing on HIV testing among MSM in Puerto Rico. Efforts to promote HIV testing should emphasize at least annual HIV testing among all sexually active MSM, including those with fewer partners. 14 Encouraging annual visits to a health provider could increase the uptake of recent HIV testing in the clinical setting. Of particular importance, disclosure of male-male attraction/sex in conversations with health providers will be needed to overcome barriers and support HIV testing in this population. Future research should explore the impact that social constructs such as stigma against HIV and/or same-sex practices may have on the ability of MSM to disclose same-sex behavior in the clinical setting and how disclosure may be best promoted at the patient-provider level. Understanding and incorporating these identified factors into future HIV testing initiatives may help increase awareness of HIV infection and recent HIV testing for MSM in Puerto Rico. One-on-one conversation with an outreach worker, a counselor, or a prevention program worker about ways to protect against HIV or other sexually transmitted diseases. ‡ Small-group discussion about ways to protect against HIV or other sexually transmitted diseases. § Percentages may not total to 100 due to rounding.
PR indicates prevalence ratio.
